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DIGITAL TO ANALOGUE CONVERTER AND 
ANALOGUE TO DIGITAL CONVERTER 

USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Digital to Analogue 

converter provided with a capacitor array and an Analogue 
to Digital using the above-mentioned D/A converter. 

2. Description of the Related Art 
In general, the principle of electric charges distribution in 

an capacitor array is utilized in an A/D converter and D/A 
converter of the CMOS IC. For example, there is disclosed 
in JP2001-53610A a three step cyclic A/D converter 
employing a multiplying D/A converter. Further, there is 
disclosed a two step cyclic A/D converter employing a 
multiplying D/A converter in IEEE JOURNAL OF SOLID 
STATE CIRCUITS, 1996 December, Vol. 31, No. 12, 
p.2030-2035, “A 12-b, 10 MHz, 250 mW CMOS A/D 
converter, G. C. Ahn et al. 

FIG. 17 is a circuit diagram of a conventional two step 
cyclic A/D converter (ADC) with multiplying D/A converter 
(MDAC) similar to that as disclosed in the above-mentioned 
TEEE article. The ADC 1 comprises: a 5-bit ADC 2; a 
capacitor array 3 comprising capacitorS C0, C1, . . . , C31 
and CF; Switches SWO, SW1, ..., S31 and SF connected 
with each electrode of C0, C1, . . . , C31 and CF, respec 
tively; a Switch S32; and an adder 5. 

Capacitance values of C0, C1, ... and C31 are “C”, while 
a capacitance value of CF is "2C. On an actual semicon 
ductor chip, CF is a parallel connection of CFO and CF1 of 
which capacitance values are “C”. ADC 2 executes a 5-bit 
A/D conversion twice and the adder 5 adds a conversion 
code “n1' of the first A/D conversion and conversion code 
“n2” of the second A/D conversion, thereby obtaining a 9-bit 
A/D conversion. 

FIG. 18 shows an exemplary arrangement of the capacitor 
array, wherein a common line connected with common 
electrodes of C0, C1, . . . , C31, CF0 and CF1 is easily 
disposed without adjoining or crossing other lines, thereby 
reducing a parasitic capacitance between the common line 6 
and other lines and reducing a degradation in a conversion 
accuracy. 

Here, regarding a structure of the capacitors, it may be a 
SiO layer between poly-Si layers, or an inter-layer film 
between adjacent Al wiring layerS among multi-layer wiring 
layers. The capacitance values of the capacitors are not made 
perfectly the Same, because it is difficult to make a thickneSS 
of SiO2 or inter-layer film perfectly uniform over the entire 
Semiconductor chip. 

Further, the linearly arranged capacitors as shown in FIG. 
18 is affected by the film thickness distribution on the 
Semiconductor chip, because the capacitor array becomes 
inevitably long. Thus, the non-linearity error and differential 
non-linearity error in the D/A or A/D conversion are 
increased. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a D/A 
converter (DAC) and A/D converter (ADC) using the same 
wherein a high conversion accuracy is obtained, even when 
there exists a slope in an insulator film thickness distribution 
of capacitors for a capacitor array connected both with an 
A/D conversion circuit of an ADC and operational amplifier 
of a DAC. 
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2 
The DAC of the present invention comprises: a capacitor 

array for Storing electric charges in accordance with a digital 
Voltage Signal; and an operational amplifier of which input 
terminal is connected with the capacitor array and amplifies 
a Voltage which corresponds to the electric charges. 

Here, the capacitor array comprises a plurality of unit 
capacitors which comprises 2" divisional capacitors which 
are of the Same shape and are connected in parallel, where 
n” is a prescribed natural number. 
Concretely, the DAC of the present invention includes 

fundamental Seven Features as Stated below. 

Feature 1 resides in that the divisional capacitors are 
linearly disposed in mirror Symmetry about a center line 
perpendicular to a longitudinal direction of the linear dis 
position of the capacitors, and one half of the divisional 
capacitorSevery the unit capacitor is disposed at one side of 
the center line and another half of the divisional capacitors 
is disposed at the another side of the center line. 

According to Feature 1, when there exists a slope in the 
insulator film thickness distribution of the capacitors, the 
capacitance values of the divisional capacitors disposed at 
both sides of the center line are shifted by an equal quantity 
and moreover in the opposite direction with each other about 
the center line. Therefore, this is equivalent to Such an 
arrangement that all the unit capacitors are formed on the 
center line. Accordingly, even when the insulator film thick 
neSS of the capacitance changes in a constant rate along the 
capacitor arrangement direction, the electric charge 
re-distribution error which causes the D/A conversion error 
can be made zero, theoretically. Even if the slope of the film 
thickness distribution function is not constant, the electric 
charge re-distribution error can be reduced as far as a linear 
approximation of the film thickness distribution function is 
employed. 

Feature 2 resides in that the divisional capacitors are 
arranged in a plurality of rows and in center Symmetry about 
a center point of the capacitor array. 
According to Feature 2, Similarly to Feature 1, the capaci 

tance values of the divisional capacitors disposed at both 
Sides of the center point are shifted by an equal quantity and 
moreover in the opposite direction with each other about the 
center point. Therefore, this is equivalent to Such an arrange 
ment that all the unit capacitors are formed at the center 
point. Accordingly, if the film thickness of the capacitor 
changes in a constant rate along the capacitor arrangement 
direction, the electric charge re-distribution error which 
causes the D/A conversion error can be made theoretically 
ZCO. 

Feature 3 resides in that one of electrodes of each of the 
divisional capacitorS is connected with a common line; and 
one half of the divisional capacitors every the unit capacitor 
is disposed at one Side of the common line and another half 
of the divisional capacitors is disposed at the another Side of 
the common line. 

According to Feature 3, the arrangement length as a whole 
is shortened half, because the divisional capacitors are 
disposed at both sides of the common line. Accordingly, the 
capacitance deviation due to, e.g., a non-uniformity of 
etching and So on is reduced. Further, an increase in a 
capacitance due to a wiring between the divisional capaci 
tors and common line is Suppressed as Small as possible. 

Feature 4 resides in that dummy capacitors are disposed 
at edges or Sides of the capacitor array. 
According to Feature 4, the electrical conditions of the 

divisional capacitors are made uniform inside and outside 
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the capacitor array, thereby reducing capacitance deviations 
of the divisional capacitors disposed at the edges or periph 
ery of the capacitor array. 

Feature 5 resides in that: (1) one of electrodes of each of 
the divisional capacitors for the electric charge 
re-distribution is connected with a common line; another 
electrode of each of the divisional capacitorS is Selectively 
connected with a prescribed reference Voltage terminal or 
ground Voltage terminal, in accordance with the digital 
voltage; and (2) another set of unit capacitors connected 
with an input terminal of the operational amplifier are 
provided for determining an D/A conversion gain. 

According to Feature 5, a multiplying DAC is con 
Structed. 

Feature 6 resides in that the divisional capacitors for the 
electric charge redistribution are classified into "k' capaci 
tors of which capacitance values are C, C, 2C, ..., 2C, 
where “C” is a prescribed capacitance and “k” is a bit 
number of the digital Voltage signal. 

According to Feature 6, a number of Switches for the 
electric charge re-distribution is reduced. 

Feature 7 resides in that ADC is provided by using the 
above-mentioned DAC. 
The ADC comprises: an A/D conversion circuit for con 

Verting an input Voltage into a digital Voltage, a capacitor 
array for Storing electric charges in accordance with the 
input Voltage, and an operational amplifier for converting a 
Voltage corresponding to the electric charges into an ana 
logue Voltage. Here, one-side electrodes of the unit capaci 
tors are Selectively connected with a prescribed reference 
Voltage terminal or ground Voltage terminal in accordance 
with the digital voltage, while the other-side electrodes of 
the unit capacitors are connected with an inverting terminal 
of the operational amplifier. The A/D conversion circuit 
converts the input voltage into the digital Voltage on the 
basis of the prescribed reference Voltage. 

According to Feature 7, a high accuracy ADC is obtained. 
Furthermore, another Feature resides in that the above 

mentioned divisional capacitor may comprises a plurality of 
Sub-divisional capacitors which are of another Same shape 
and connected in Series. 

In general, it is advantageous for the high Speed conver 
Sion to reduce the capacitance. However, if a capacitor area 
is made Smaller in order to reduce its capacitance, the 
accuracy of the capacitance values are apt to be lowered due 
to random fluctuations in the capacitance values caused by 
accuracy in manufacturing processes. 
The above-mentioned series connection of the Sub 

divisional capacitorS has an advantage that the capacitance 
of the divisional capacitor is reduced without Wotiout 
employing a Small area capacitor. 

According to the above-mentioned another Feature, the 
DAC or ADC becomes of high speed, without sacrificing the 
accuracy of each divisional capacitor. 

Still another Feature resides in that the capacitor array 
may be a parallel connection of the divisional capacitors 
each of which comprises above-mentioned Sub-divisional 
capacitors. 

According to the above-mentioned Still another Feature, 
the DAC or ADC does not only become of high speed, but 
also the conversion error is reduced by employing the mirror 
Symmetry arrangement or common centroid arrangement, as 
already explained. 

BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1 is an illustration of a capacitor arrangement 
wherein a conversion error can be completely eliminated, 
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4 
even when there exists a slope in the capacitor film thickness 
distribution, for Embodiment 1 of the present invention. 

FIG. 2 is a circuit diagram of a two Step cyclic Analogue 
to Digital converter (ADC) of Embodiment 1. 

FIG. 3 is an illustration of a capacitor arrangement 
wherein a conversion erroris Small but cannot be completely 
eliminated, when there exists a slope in the capacitor film 
thickness distribution. 

FIG. 4 shows a simulation result of the conversion error 
caused by the capacitor arrangement as shown in FIG. 18 
(conventional), FIG. 3 and FIG. 1. 

FIG. 5 is an illustration of a capacitor arrangement for 
Embodiment 2. 

FIG. 6 is an illustration of a capacitor arrangement for 
Embodiment 3. 

FIG. 7 is a circuit diagram of an ADC for Embodiment 3. 
FIG. 8 is an illustration of a capacitor arrangement for 

Embodiment 4. 

FIG. 9 is a capacitor array for Embodiment 5. 
FIG. 10 is a circuit diagram of an ADC of Embodiment 5. 
FIG. 11 is an illustration of a capacitor arrangement for 

Embodiment 6. 

FIG. 12 is a circuit diagram of a Successive comparison 
ADC of Embodiment 6. 

FIG. 13 is a circuit diagram of an ADC converter of 
Embodiment 7. 

FIG. 14 is an illustration of a capacitor arrangement for 
Embodiment 7. 

FIG. 15 is a circuit diagram of an ADC converter of 
Embodiment 8. 

FIG. 16 is an illustration of a capacitor arrangement for 
Embodiment 8. 

FIG. 17 is a circuit diagram of a conventional two step 
cyclic A/D converter (ADC) with a multiplying D/A con 
verter (MDAC). 

FIG. 18 is an illustration of a conventional capacitor array. 
FIG. 19 shows Eq. (1) (an equation of conservation of 

electric charge before and after a re-distribution of electric 
charges) in terms of the output voltage Vout from the ADC 
of Embodiment 1. 

FIG. 20 shows Eq. (2) expressing Vout derived from 
Eq.(1). 
FIG.21 shows Eq. (3) (modified Eq.(2)) expressing Vout. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

Preferred Embodiments of the present invention are 
explained, referring to the drawings. 
Embodiment 1 
FIG. 2 is a circuit diagram of a CMOS two step cyclic 

Analogue to Digital converter (ADC) 11, wherein the same 
reference numerals are given to the Same elements as shown 
in FIG. 17. The input terminal of the 5-bit Analogue to 
Digital conversion circuit 2 of the parallel type (flash type) 
as shown in FIG. 17 is selectively connected through a 
Switch S32 either with a input voltage terminal 12 for 
inputting a Signal to be converted, or with an output terminal 
of an operational amplifier 4. Further, a high Voltage Side of 
the A/D conversion circuit 2 is connected with a reference 
Voltage terminal 13 for inputting a reference Voltage Vref, 
e.g., 5 V, while its low Voltage Side is connected with the 
ground terminal. The operational amplifier 4 is operated by 
a single power Supply of 5 V. 
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A series connection of resistors R0 to R31 is connected 
with the reference Voltage terminal and ground Voltage 
terminal GND. The connecting points of the resistors R0 to 
R31 are connected with inverting input terminals of com 
parators CMP1 to CMP31, respectively. Non-inverting input 
terminals of the comparators CMP1 to CMP31 are con 
nected through S32 with an input voltage terminal 12 of the 
A/D conversion circuit 2. 

Outputs from the comparators CMP1 to CMP31 are 
inputted into a latch circuit 14 for holding the outputs from 
the comparators CMP1 to CMP31 when a not-shown latch 
Signal becomes high and for outputting to an encoder 15 the 
held outputs from the comparators CMP1 to CMP31. Then, 
the encoder 15: generates on the basis of the output from the 
latch circuit 14; and outputs, 5-bit A/D conversion code from 
“OOOOO' to “11111. The 5-bit A/D conversion code is added 
in an adder 5. 
A capacitor array 16 comprises capacitors C0 to C31, CFO 

and CF1. Capacitance values of C0 to C31 are “C”. CF0 and 
CF1 are elements constructing a capacitor CF of which 
capacitance is “2C". Further, unit capacitors Ci (i-0 to 31) 
is a parallel connection of divisional capacitors Cia and Cib, 
while a unit capcitor CFO is a parallel connection of divi 
sional capacitors CFa & CFb and unit capacitor CF1 is a 
parallel connection of divisional capacitorS CFc and CFd. 
As shown in FIG. 1, the divisional capacitors CFa, CFc, 

COa to C31a are arranged in mirror symmetry with the 
divisional capacitors CFb, CFd, COb to C31b. The mirror 
surface is shown by a center line CN at the center of the 
linearly arranged capacitors C31a, C30a, . . . , C30b and 
C31b in the capacitor array 16. 

Concretely, CFa is disposed at the left hand side of CN, 
while CFb is disposed at the right hand side of CN. Further, 
CFc is disposed at the left hand side of CFa, while CFd is 
disposed at the right hand side of CFb. Further, COa is 
disposed at the left hand side of CFc, while C0b is disposed 
at the right hand side of CFd. Similarly, C1a to C31a are 
disposed in this order at the left hand side of CN, while C1b 
to C31b are disposed in this order at the right hand side of 
CN. C31a is the outside-most capacitor in the left hand side 
of CN, while C31b is the outside-most capacitor in the right 
hand side of CN. The Switch S0 to S31 are disposed parallel 
to and moreover adjacent to COb to C31b, respectively, on 
the another electrode sides of COb to C031 which are not 
connected with the common line 6. 

Next, the ADC 11 is explained, referring to FIG. 2. 
When the adder 5 is cleared and then A/D conversion start 

Signal is inputted, S32 is connected with input terminal 12 
and A/D conversion circuit 2 starts the first step A/D 
conversion of input Signal Vin. The output Signals from the 
CMP1 to CMP3.1: are decided by the first A/D conversion; 
held on the basis of a latch signal in the latch circuit 14; 
inputted into the encoder 15; and outputted as a 5-bit A/D 
conversion code “n1" which is added in the adder 5. 

Simultaneously with the first A/D conversion, SF is 
turned on and moreover S0 to S31 are connected with the 
input terminal 12, whereby the lower electrodes of C0 to 
C31 are grounded, while the upper electrodes of C0 to C31 
are connected with the input terminal 12. Thus, C0 to C31 
are charged up by Vin, while the electric charges of CF is 
initialized to Zero. 

Then, when “n1' is latched and moreover SF is com 
pletely turned off, S0 to S31 is connected with the reference 
voltage terminal 13 or ground (GND) terminal, in accor 
dance with “n1'. 

The above-mentioned Switching of S0 to S31 depends 
upon the A/D conversion code "n1” in Such a manner that: 
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6 
if “n1” is “00000”, then, all of S0 to S31 are connected with 
the GND terminal; if “n 1” is “00001", then, one of S0 to 
S31, e.g., S0 is connected with the reference voltage termi 
nal 13 and the rest are connected with the GND terminal and 
if “n 1” is “11111", then, all of S0 to S31 are connected with 
the reference Voltage terminal. Similar Switching is executed 
for other digital values of “n1”. 
The electric charges on the common line 6 are conserved 

before and after the Switching of S0 to S31. Therefore, after 
completing the Switching, the operational amplifier 4 
executes a feed-back control through CF in order to make 
the voltage of the common line 6 (inverting input terminal 
of the operational amplifier) Zero. As a result, the electric 
charges are re-distributed between C0 to C31 and CF. The 
equation of electric charge conservation is expressed by Eq. 
(1) as shown in FIG. 19, where Vout is an output voltage of 
the operational amplifier 4. 

Therefore, Vout is derived from Eq. (1) and is expressed 
by Eq. (2) as shown in FIG. 20. 

Vout is g1 (Vin-g2-Vref) as shown in Eq. (2), where 
“g1'=16, because CF=2C and Ci=C in Eq. (2). Here, CF 
determines a conversion gain of the multiplying D/A con 
version. Coefficient "g2' in Eq.(2) is a ratio of a Summation 
of Ci (i=0 to n1-1) to another summation of C (j=o to 31), 
while coefficient “g2' is a ratio of the above-mentioned 
another summation of C to CF. 

Eq. (2) is rewritten in terms of capacitance values of the 
divisional capacitors Cia, Cib (i=0 to 31) and CFa to CFd, 
as a following Eq. (3) as shown in FIG. 21. 
The second step A/D conversion is started, when Vout as 

expressed by Eq.(3) is stabilized. The second A/D conver 
Sion code “n2 is held in the latch circuit 14. Then, the adder 
adds “n2” to “n1” in Such a manner that the LSB of “n1' is 
overlapped to the MSB of “n2', thereby obtaining 9-bit A/D 
conversion code “n”. The conversion range is from 0 V to 
Vref. 

AS shown in Eq. (2), a conversion error of Vout is reduced 
by reducing fluctuations in "g1' and "g2', i.e., reducing 
relative deviations in Ci (i=0 to 31) and CF. 

In general, the relative deviations in Ci(i=0 to 31) and CF 
are caused due to a non-uniform film thickness distribution 
of SiO film between poly-Si layers or inter-layer film 
between Al wiring layers, on the Semiconductor chip Sur 
face. 
The inventor Studies three types of the capacitor arrange 

mentS. 

FIG. 3 is an illustration of one of the three capacitor 
arrangements, wherein C0 to C31 are linearly arranged in 
such a manner that: CFO and CF1 is disposed at the center 
of the linear arrangement; C1, C31. . . and C31 are disposed 
in this order at one side; and CO., C2 . . . and C30 are 
disposed in this order at another Side. In accordance with the 
A/D conversion code, e.g., “n 1’, Switch S0 corresponding to 
C0 to switch S (n1-1) corresponding to C(n1-1) are con 
nected with the Vref terminal 13. 

FIG. 4 shows a simulation result of a conversion error in 
an A/D conversion code “n”, for: (1) the conventional 
capacitor arrangement as shown in FIG. 18; and (2) the 
capacitor arrangement as shown in FIG. 3. AS shown in FIG. 
4, for the arrangement (1), there is caused an conversion 
error over 8 LSB around the center of the A/D conversion 
code “n”. On the other hand, for the arrangement (2), the 
conversion error remains small (about 1 LSB). 

However, even for the arrangement (2) as shown in FIG. 
3, the conversion error could not be made Zero. Increases 
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and decreases of the errors are repeated and the error as a 
whole gradually increases, as the A/D conversion code “n” 
increases. 

Further, the inventor studied and found the cause of the 
conversion error. 

32 irregularities in the A/D conversion codes for the 
arrangement (2) are caused by an error due to electric charge 
re-distribution in the first step A/D conversion code “n 1”. As 
the A/D conversion code “n1 is incremented by one, the 
upper electrode of the capacitor is Switched from the ground 
side to the Vrefside sequentially in the order from C0, C1, 
C2, . . . , to C31 during the re-distribution of the electric 
charges. The inventor noticed that distances between the 
present capacitor and next capacitor to be charged up 
become long, as the A/D conversion code "n1 increases. AS 
shown in FIG. 3, for example, the distance between C0 and 
C1 is Smaller than the distance between C30 and C31. Thus, 
the non-uniform capacitance distribution, i.e., non-uniform 
film distribution in the capacitor insulator film, affects 
greatly the conversion error. 
On the contrary, in the capacitor arrangement of the 

present invention as shown in FIG. 1, capacitors Ci (i=0 to 
31), CF0 and CF1 comprise a pair of capacitors Cia & Cib, 
CFa & CFb and CFc & CFd, respectively, which are 
arranged in mirror symmetry about CN. Therefore, the 
capacitance values of individual unit capacitors comprising 
divisional capacitor pairs shift by an equal quantity (referred 
to the capacitance at CN) and moreover in the opposite 
direction with each other, when the film thickness distribu 
tion changes linearly. 

Therefore, the capacitance value deviations are cancelled 
in Ci, CFO and CF1. This is equivalent to such an arrange 
ment that Ci, CFO and CF1 are formed on the center line CN. 
The simulation result is indicated by (3) for the arrange 

ment as shown in FIG. 1. Thus, even if the film thickness of 
the capacitor changes in a constant rate along the capacitor 
arrangement direction, the electric charge re-distribution 
error which causes the D/A conversion error can be made 
Zero, theoretically. Further, even if the slope of the film 
thickness distribution is not constant, the electric charge 
re-distribution error can be reduced as far as a linear 
approximation of the film thickness distribution function is 
employed. 

In the above explanation, Vin was an analogue Voltage 
and was once converted into a digital Voltage by the A/D 
conversion circuit 2 and once again converted into an 
analogue Voltage by the operational amplifier 4. 

However, Vin may be digital voltage. If Vin is a digital 
voltage in parallel or serial, Vin is inputted bit by bit into the 
capacitor array, is converted into an analogue Voltage on the 
electrodes of the capacitors and amplified by the operational 
amplifier 4, as already explained, while the A/D conversion 
circuit 2 is not activated. 

Thus, the circuit as shown in FIG. 2 can independently 
operate as DAC as well as ADC. 

Embodiment 2 
Embodiment 2 is explained, referring to FIG. 5. 
The ADC of Embodiment 2 is the same as that of 

Embodiment 1, but the capacitor arrangement is different 
from that of Embodiment 1. Concretely, as shown in FIG. 5, 
the divisional capacitors CFa and CFc are disposed at the left 
and right hand sides of CN, respectively. Further, the divi 
Sional capacitor CFc is disposed at the left hand Side of the 
divisional capacitor CFa, while the divisional capacitor CFd 
is disposed at the right hand Side of the divisional capacitor 
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CFb. Further, the divisional capacitors C31a to C0a in this 
order are disposed at the left hand side of the divisional 
capacitor CFc, while the divisional capacitors C31b to COb 
in this order are disposed at the right hand Side of the 
divisional capcitor CFd. Thus, divisional capacitors Cia and 
Cib (i=0 to 31) are disposed in an order reverse to that as 
shown in FIG. 1. 

According to the capacitor arrangement as shown in FIG. 
5, the upper electrodes of the capacitors are Switched from 
the ground Side to the Vref Side during the electric charge 
re-distribution in an order from C0, C1, C2, ..., C31, i.e., 
from the out-most capacitor to the center capacitor. Never 
the-less, the capacitor deviation in a pair of Cia and Cib is 
cancelled Similarly to Embodiment 1, thereby making the 
relative capacitance deviations of unit capacitors Ci, CFO 
and CF1 zero theoretically. 
Embodiment 3 
FIG. 7 is a circuit diagram of a two step cyclic ADC 18, 

wherein the same reference numerals are given to the same 
elements as shown in FIG. 2. A capacitor array 19 similarly 
to that as shown in FIG. 2 comprises the unit capacitors C0 
to C31, CF0 and CF1, where Ci (i=0 31) is a parallel 
connection of the divisional capacitors Cia and Cib, CFO is 
a parallel connection of the divisional capacitorS CFa and 
CFb, while CF1 is a parallel connection of the divisional 
capacitors CFc and CFd. 

However, differently from Embodiment 1, Switches Sia 
and Sib are provided for Cia and Cib, respectively. Further, 
a Switch SFa is provided for CFa and CFd, while a switch 
SFb is provided for CFb and CFc. Those Switches are 
Switched similarly to Embodiment 1. 

FIG. 6 illustrates an capacitor arrangement in the capaci 
tor array 19. The capacitors are disposed both sides of the 
common line 6 with which the common electrodes (lower 
electrodes) of the capacitors are connected. Concretely, there 
are disposed, at one side of the common line 6, CFa and CFd 
between which CN is held. Further, at the one side of the 
common line 6, COa, C2a, . . . , C30a in this order are 
disposed at the left hand side of CFa, while C1b, C3b, ..., 
C31b in this order are disposed at the right hand side of CFd. 
Further, there are disposed, at another Side of the common 
line 6, CFc and CFb between which CN is held. Further, at 
the another side of the common line 6, C1a, C3a,..., C31a 
in this order are disposed at the left hand side of CFc, while 
COb, C2b, ..., C30b in this order are disposed at the right 
hand side of CFb. 

According to the capacitor arrangement as shown in FIG. 
6, a common centroid arrangement is obtained in Such a 
manner that C1a & Cib, CFa &CFb and CFc & CFd are 
disposed around a common center point CP which is an 
intersection point of CN with the common line 6. The 
Switches Sia, Sib, SFa and SFb are disposed adjacently to 
Cia, Cib, CFa&CFd and CFc & CFb, respectively. SFa and 
SFb are disposed on CN. 

According to the above-mentioned common centroid 
arrangement, the capacitance values of Cia, CFa and CFc 
deviate around CP, by the same values as, and in directions 
opposite to, those of Cib, CFb and CFCFd, respectively. 
AS a result, the above-mentioned capacitance deviations 

are cancelled in Ci, CFO and CF1, respectively. This is 
equivalent to such an arrangement that Ci, CFO and CF1 are 
formed at CP. Therefore, even when there exists a constant 
Slope in the capacitor film thickness, the relative capacitor 
deviations between Ci, CFO and CF1 are eliminated 
theoretically, thereby reducing the error curing the electric 
charge re-distributions which cause the A/D conversion 
CO. 
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Further, according to the above-mentioned common cen 
troid arrangement, the arrangement length as a whole is 
Shortened half, because the capacitors are disposed at both 
Sides of the common line 6. Accordingly, the capacitance 
deviation due to, e.g., a non-uniformity of etching is 
expected to be reduced. Further, an increase in a capacitance 
due to a wiring between the capacitors and common line 6 
is Suppressed as Small as possible. Further, the wiring 
between the capacitors and Switches is Simplified, because a 
Switch is provided for each capacitor. 

Embodiment 4 

FIG. 8 is an illustration of a capacitor array 20 which is 
similar to Embodiment 3, but is different in that an unit 
capacitor comprises four (2) divisional capacitors. 

That is, the unit capacitors Ci (i-0 to 31) is a parallel 
connection of divisional capacitors Cia, Cib, Cic and Cid; 
the unit capacitor CFO is a parallel connection of divisional 
capacitors CFa, CFb, CFc and CFd; and the unit capacitor 
CF1 is a parallel connection of divisional capacitors CFe, 
CFf, CFg and CFh. 

Cia, Cib, Cic and Cid are provided with Switches Sia, Sib, 
Sic and Sid, respectively. CFa, CFd, CFe and CFh are 
provided with a common Switch SFa, while CFb, CFc, CFf 
and CFg are provided with a common Switch SFb. 
The operation and advantages of the above-mentioned 

common centroid arrangement of Embodiment 4 is similar 
to those of Embodiment 3. 

Embodiment 5 

FIG. 10 is a circuit diagram of a CMOS two step cyclic 
ADC 21, wherein the Similar reference numerals are given 
to the similar elements as shown in FIG. 2. A capacitor array 
22 comprises: C0, C1, C2, C3, C4 and C5 of which 
capacitance values are C, C, 2C, 4C, 8C and 16 C; and the 
unit capacitor CF of which capacitance is 2C. Actually, C2 
to C5 and CF are parallel connections of unit capacitors with 
capacitance of C. Further, the unit capacitors are constructed 
by two divisional capacitors. 

Therefore, C0 and C1 are parallel connections of divi 
sional capacitors C0a & C0b, C1a & C1b, respectively; C2 
is a parallel connection of four divisional capacitorS C2a, 
C2b, C2c and C2d; CF is a parallel connection of four 
divisional capacitors CFa, CFb, CFc and CFd; and similarly, 
C3, C4 and C5 are parallel connections of 8, 16, 32 
divisional capacitors, respectively. 

FIG. 9 is an illustration of the capacitor array 22 which is 
a one-line arrangement Similar to FIG. 1 and pairs of CFa & 
CFb, CFc & CFd, COa & COb, C1a & C1b, C2a & C2b, C2c 
& C2b . . . are disposed in mirror symmetry about CN. 
Also according to Embodiment 5, the electric 

re-distribution error (causing the A/D conversion error) due 
to the slope of the capacitor film thickness distribution can 
be made Zero theoretically. Further, six Switches suffice for 
Switching CO to C5, thereby reducing a layout area, com 
pared with Embodiment 1 as shown in FIG. 2. 

Embodiment 6 
FIG. 12 is a circuit diagram of a Successive comparison 

ADC 23 which comprises: a 5-bit capacitor array 24, 4-bit 
resistor ladder Digital to Analog (D/A) conversion circuit 
25. The resolution of the ADC 23 is 9 bits. The resistor 
ladder D/A conversion circuit 25 comprises: not-shown 
resistors for dividing Vref, e.g., 5 V, into 16 Steps, and not 
shown switches for outputting each divided Vref. 

The capacitor array 24 comprises C0, C1, C2, C3, C4 and 
C5 of which capacitance values are C, C, 2C, 4C, 8C and 
16C, respectively. Actually, C2 to C5 are parallel connec 
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10 
tions of unit capacitors each of which capacitance is C and 
moreover the unit capacitor is constructed by two divisional 
capacitors of which capacitance is C/2. 

FIG. 11 is an illustration of an example of the capacitor 
array 24 wherein C0 to C5 are constructed by 2, 2, 4, 8, 16 
and 32 divisional capacitors, respectively and the divisional 
capacitors are disposed in the common centroid arrangement 
about a common center point CP C0, C1, C2, C3, C4 and C5 
in this order are disposed from CP toward the outer side. 
However, that order is not irrelevant as far as the common 
centroid arrangement is assured. 

In FIG. 12, the lower electrodes (common electrodes) of 
C1 to C5 are connected with a common line 26, while the 
upper electrodes thereof are Selectively connected with input 
terminal 27, Vref terminal 28 or GND terminal, through 
Switches S1 to S5. The upper electrode of C0 is selectively 
connected with the input terminal 27 or output terminal of 
the resistor ladder D/A conversion circuit 25. 
A comparator 29 compares the Voltage on the common 

line 26 with Vref. A Switch SC is connected between the 
input terminals of the comparator 29, while the output 
terminal thereof if connected with a 9-bit Successive com 
parison register 30. In accordance with the output from the 
Successive comparison register 30, a control circuit 31 
Switches S0 to S5 and the above-mentioned not-shown 
Switches in the resistor ladder D/A conversion circuit 25. 

Thus, a Digital to Analogue converter (DAC) is con 
structed by the resistor ladder D/A conversion circuit, 
switches S0 to S5, switch SC and capacitors C0 to C5. 
AS is well known, the Successive comparison ADC 23 

successively decides the output from the successive com 
parison register 30 from MSB to LSB in response to the 
output from the comparator 29. The resultant A/D conver 
Sion code is determined by the electric charge re-distribution 
of C0 to C5 of which relative capacitance deviations should 
be reduced. 

C0 to C5 are equivalently formed at CP, because the 
divisional capacitors thereof are disposed in common cen 
troid arrangement. Thus, the relative capacitance deviations 
can be made Zero, even when there exists a slope in the 
capacitor film thickness. Thus, the electric charge 
re-distribution error due to the above-mentioned slope which 
causes the A/D conversion error can be reduced. 
Embodiment 7 

FIG. 13 is a circuit diagram of an ADC of Embodiment 7 
which is similar to that of Embodiment 1, but a capacitor 
array 26 is different. 

In general, it is required that a charging Speed of the 
capacitors in the capacitor array is raised for a high Speed 
conversion. Here, the charging time is proportional to the 
capacitance and inversely proportional to an on-Switch resis 
tance of a Switch connected to the capacitor. Accordingly, it 
is advantageous for the high Speed conversion to reduce the 
capacitance. 

However, if a capacitor area is made Smaller in order to 
reduce its capacitance, the accuracy of the capacitance 
values are apt to be lowered due to random fluctuations in 
the capacitance values caused by accuracy in manufacturing 
proceSSeS. 

On the other hand, the unit capacitors C0 to C31 as shown 
in FIG. 13 is series connections of the divisional capacitors 
Cia and Cib (i=0 to 31), without reducing the area of the 
divisional capacitors. For example, if the capacitance values 
of the divisional capacitors are "2C, then the capacitance 
values of the unit capacitors become “C”. 
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Further, the capacitance deviations due to the Slope in the 
film thickness distribution are cancelled by the Series con 
nection of the 2" divisional capacitors disposed in common 
centroid symmetry. 

Actually, the capacitance deviation DC of the Series 
connection of Ca and Cb due to the deviations ACa and ACb 
of Ca and Cb, respectively is expressed by: 

AC = Cbf (Ca+ Cb). ACa+ Caf (Ca+ Cb). ACb 

= 1f4. (ACa + ACb) 

if Ca and Cb are of the same shape. 
Therefore, ACa becomes minus ACb, when there is a 

Slope in the film thickness distribution of the capacitor 
insulators, if Ca and Cb are disposed in mirror Symmetry or 
common centroid arrangement. Thus, AC becomes Zero. 

Embodiment 8 
FIG. 15 is a circuit diagram of an ADC of Embodiment 8 

which is similar to that of Embodiment 1, but a capacitor 
array 26 is different from that of Embodiment 1. 
The unit capacitor is a parallel connections of 2 divisional 

capacitors each of which is a Series connection of 2 divi 
sional capacitors. In the example as shown in FIG. 16, “” is 
two. However, in general, the unit capacitor may be a 
parallel connections of 2 divisional capacitors each of 
which may be a Series connection of 2 divisional capacitors, 
where “i” is equal to “j”, or “i” may not be equal to “j”, in 
general. 

The unit capacitor C0 in Embodiment 1 was a parallel 
connection of the divisional capacitors C0a and COb. 
Accordingly, the capacitance values of the divisional capaci 
tors C0a and COb are “C/2”. Therefore, as a number of 
divisional capacitors increases, the areas thereof disadvan 
tageously decrease. On the contrary, due to the capacitor 
arrangement of Series and parallel connections as shown in 
FIG. 16, the capacitance deviation due to the film thickness 
Slope can be cancelled without lowering the accuracy of the 
capacitance Value. 

The capacitor arrangement as shown in FIG. 16 is applied 
both to the mirror Symmetry arrangement and common 
centroid arrangement. 

Other Embodiment 
The present invention is not limited to the above 

explained Embodiments, but is modified and extended as 
follows. 

For example, the above-explained multiplying D/A con 
verter can be applied not only to a cyclic Digital to Analogue 
converter (DAC), cyclic ADC and Successive comparison 
ADC, but also to a pipe-line ADC and serial-parallel ADC. 

Further, dummy capacitors may be provided at the outer 
edges or sides of the capacitor array in order to make the 
electrical conditions of the divisional capacitors uniform 
inside and outside the capacitor array, thereby reducing 
capacitance deviations of the divisional capacitors disposed 
at the edges or periphery of the capacitor array. 

Further, the unit capacitor may be constructed not only by 
2 or 4 divisional capacitors, but also by 8, 16,..., in general, 
2" capacitors. 

Further, the divisional capacitors may be linearly arranged 
in three or four, . . . , in general a plurality of rows. Further, 
when a plurality of rows is employed, mirror Symmetry 
arrangement may be employed in place of the common 
centroid arrangement of Embodiments 3 and 4. 
What is claimed is: 
1. A D/A converter which comprises: 
a capacitor array for Storing electric charges in accordance 

with a digital Voltage Signal; and 
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12 
an operational amplifier of which input terminal is con 

nected with Said capacitor array and amplifies a Voltage 
which corresponds to Said electric charges, 

wherein Said capacitor array comprises a plurality of unit 
capacitors which comprises 2" divisional capacitors 
which are of the same shape and are connected in 
parallel, where “n” is a prescribed natural number. 

2. The D/A converter according to claim 1, wherein: 
Said divisional capacitors are linearly disposed in mirror 

Symmetry about a center line perpendicular to a longi 
tudinal direction of the linear disposition; and 

one half of Said divisional capacitorSevery unit capacitor 
is disposed at one side of Said center line and another 
half of Said divisional capacitors every unit capacitor is 
disposed at the another side of Said center line. 

3. The D/A converter according to claim 1, wherein said 
divisional capacitors are arranged in a plurality of rows and 
in center Symmetry about a center point of Said capacitor 
array. 

4. The D/A converter according to claim 1, wherein: 
one of electrodes of each of Said divisional capacitors is 

connected with a common line; and 
one half of Said divisional capacitorSevery unit capacitor 

is disposed at one side of Said common line and another 
half of Said divisional capacitors every unit capacitor is 
disposed at the another side of Said common line. 

5. The D/A converter according to claim 1, wherein 
dummy capacitors are disposed at edges or Sides of Said 
capacitor array. 

6. The D/A converter according to claim 1, wherein: 
one of electrodes of each of Said divisional capacitors is 

connected with a common line; and 
another electrode of each of Said divisional capacitorS is 

Selectively connected with a prescribed reference Volt 
age terminal or ground Voltage terminal, in accordance 
with Said digital Voltage Signal. 

7. The D/A converter according to claim 1, which further 
comprises another Set of unit capacitors which are connected 
between an output terminal and Said input terminal of Said 
operational amplifier. 

8. The D/A converter according to claim 1, wherein said 
divisional capacitors are classified into “m' capacitors of 
which capacitance values are C, C, 2C, . . . and 2"'C, 
where “C” is a prescribed capacitance and “m” is a bit 
number of Said digital Voltage Signal. 

9. An A/D converter, which comprises: 
an A/D conversion circuit for converting an input Voltage 

into a digital Voltage; 
a capacitor array for Storing electric charges in accordance 

with Said input voltage; and 
an operational amplifier for converting a Voltage corre 

sponding to Said electric charges into an analogue 
Voltage, 

wherein: 
Said capacitor array comprises a plurality of unit capaci 

tors which comprises 2" divisional capacitors which are 
of the same shape, where “n” is a prescribed natural 
number; 

one-side electrodes of Said unit capacitors are Selectively 
connected with a prescribed reference Voltage terminal 
or ground Voltage terminal in accordance with Said 
digital Voltage, while the other-Side electrodes of Said 
unit capacitors are connected with an inverting terminal 
of Said operational amplifier; and 

Said A/D conversion circuit converts Said input voltage 
into Said digital Voltage on the basis of the prescribed 
reference Voltage. 
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10. A D/A converter which comprises: 
a capacitor array for Storing electric charges in accordance 

with a digital Voltage Signal; and 
an operational amplifier of which input terminal is con 

nected with Said capacitor array and amplifies a Voltage 
which corresponds to Said electric charges, 

wherein Said capacitor array comprises a plurality of unit 
capacitors which comprises an even number of divi 
Sional capacitors which are of the same shape. 

11. A D/A converter according to claim 10, wherein the 
divisional capacitor comprises 2 sub-divisional capacitors 
which are of the same shape and are connected in Series, 
where “i” is a prescribed natural number. 

12. A D/A converter according to claim 10, wherein the 
divisional capacitor comprises 2 sub-divisional capacitors 
which are of the same shape and are connected in parallel, 
where “” is a prescribed natural number. 

13. A D/A converter according to claim 10, wherein the 
divisional capacitor comprises: 

2 sub-divisional capacitors which are of the same shape 
and are connected in Series, where “i' is a prescribed 
natural number; and 

2 sub-divisional capacitors which are of the same shape 
and are connected in parallel, where “” is a prescribed 
natural number. 

14. The D/A converter according to claim 13, wherein 
said “i” is equal to said “j”. 

15. The D/A converter according to claim 10, wherein: 
Said divisional capacitors are linearly disposed in mirror 

Symmetry about a center line perpendicular to a longi 
tudinal direction of the linear disposition; and 

one half of Said divisional capacitors every unit capacitor 
is disposed at one side of Said center line and another 
half of Said divisional capacitors every unit capacitor is 
disposed at the another Side of Said center line. 

16. The D/A converter according to claim 10, wherein 
Said divisional capacitors are arranged in a plurality of rows 
and in center Symmetry about a center point of Said capacitor 
array. 

17. The D/A converter according to claim 10, wherein: 
one of electrodes of each of Said divisional capacitorS is 

connected with a common line; and 
one half of Said divisional capacitors every unit capacitor 

is disposed at one side of Said common line and another 
half of Said divisional capacitors every unit capacitor is 
disposed at the another Side of Said common line. 

18. The D/A converter according to claim 10, wherein 
dummy capacitors are disposed at edges of Said capacitor 
array. 

19. The D/A converter according to claim 10, wherein: 
one of electrodes of each of Said divisional capacitorS is 

connected with a common line; and 
another electrode of each of Said divisional capacitors is 

Selectively connected with a prescribed Voltage termi 
nal or ground Voltage terminal, in accordance with Said 
digital Voltage signal. 

20. The D/A converter according to claim 10, which 
further comprises another Set of unit capacitors which are 
connected between an output terminal and Said input termi 
nal of Said operational amplifier. 

21. The D/A converter according to claim 1, wherein said 
divisional capacitors are classified into “m' capacitors of 
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which capacitance values are C, C, 2C, . . . and 2"'C, 
where “C” is a prescribed capacitance and “m” is a bit 
number of Said digital Voltage Signal. 

22. A D/A converter which comprises: 
a capacitor array for Storing electric charges in accordance 

with a digital Voltage Signal; and 
an operational amplifier of which input terminal is con 

nected with Said capacitor array and amplifies a Voltage 
which corresponds to Said electric charges, 

wherein: 
Said capacitor array comprises a plurality of unit capaci 

tors which comprises an even number of divisional 
capacitors which are of the Same shape; and 

the divisional capacitor comprises 2 sub-divisional 
capacitors which are of another shape and are con 
nected in Series, where “i' is a prescribed natural 
number. 

23. A D/A converter which comprises: 
a capacitor array for Storing electric charges in accordance 

with a digital Voltage Signal; and 
an operational amplifier of which input terminal is con 

nected with Said capacitor array and amplifies a Voltage 
which corresponds to Said electric charges, 

wherein: 
Said capacitor array comprises a plurality of unit capaci 

tors which comprises an even number of divisional 
capacitors which are of the Same shape; 

the divisional capacitor comprises 2 sub-divisional 
capacitors which are of another Same shape and are 
connected in Series, and 

2 of Said divisional capacitors are connected in parallel, 
where “” is a prescribed natural number. 

24. An A/D converter, which comprises: 
an A/D conversion circuit for converting an input Voltage 

into a digital Voltage; 
a capacitor array for Storing electric charges in accordance 

with Said input voltage; and 
an operational amplifier for converting an input Voltage 

into an analogue Voltage which corresponds to Said 
electric charges, 

wherein: 
Said capacitor array comprises a plurality of unit capaci 

tors which comprises an even number of divisional 
capacitors which are of the Same shape; 

the divisional capacitor comprises 2 sub-divisional 
capacitors which are of another Same shape and are 
connected in Series, where “i' is a prescribed natural 
number; 

2 of said divisional capacitors are connected in parallel, 
where “” is a prescribed natural number; 

one-side electrodes of Said unit capacitors are Selectively 
connected with a reference Voltage terminal or ground 
Voltage terminal in accordance with Said digital Voltage 
Signal, while the other-side electrodes of Said unit 
capacitors are connected with an input terminal of Said 
operational amplifier; and 

Said A/D conversion circuit converts Said input voltage 
into Said digital Voltage on the basis of the prescribed 
reference Voltage. 


